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The abattoir is located at the edge of the Trans-Amadi bridge linking Trans-Amadi Industrial layout to Woji town in Port Harcourt city. A river is located downhill of the abattoir where the slaughter wastes are dumped.
Major activities around the river are dredging, boat building and fishing.
This river is called Woji River. It is an estuarine tidal water, a tributary of the upper Bonny River located between longitudes 7°00'' E and 7°15'' N and latitudes 4°28'' E and 4°40'' N Figure 1. It arises from the bifurcation to the left of the Okpoka River, which drains into Bonny River. The area has a mean water depth of 4.8m, which is tidal and gradually transits from fresh to salt water at the head.
It is joined by mini Apalugbo stream; this creek drains Rumuokurushi-Rumuogba-Woji axis of Port Harcourt. Woji River receives industrial effluent discharges from the Nigerian Bottling Company, Schlumberger, Halliburton and Rivers State Vegetable Oil Company and transverses through several communities among which include Azuabie, Woji, Okuru-ama, Abuloma, Kalio-ama and Oba-ama. 
METHODOLOGY
This research was conducted at Woji River in Trans-Amadi industrial area of Port Harcourt, Nigeria from January to March 2018. Samples of water from the river in the vicinity of the abattoir were taken at nine (9) different points using well labeled sterile screw capped bottles at different sides respectively. The bottles were immediately covered to prevent contamination. The temperature and pH of water samples collected were immediately taken using mercury bulb thermometer and pH indicator strip. The sites were geo-referenced using a hand-held global positioning system GPS (Megallan GPS 315) which generated geographical coordinates of latitude and longitude of the river. The different samples were carried to the laboratory for analysis which was done within 8 hours of the collections.
The collected samples were designated as follows: -(a) Upstream (US): 3 different Samples were collected at three different positions 70meters before the point where the abattoir waste meets the river. Measurement was done immediately samples were collected and transported to the laboratory for analysis. The meter was equipped with probe/electrode that could be used for in-situ measurements and hence is particularly useful for field measurements as well as Bench Top Analysis.
The following steps were taken to ensure the validity of results: -
1.
The instrument was standardized before use 2.
The electrode was rinsed with distilled water then samples of interest taken before Measurements were made to avoid interference 3. The instrument was adjusted to the observed temperature for temperature dependent parameters such as pH, DO, conductivity, etc.
Turbidity
Turbidity was determined using UN spectrophotometer DR/2000 at wavelength of 45um. It is an already programmed instrument, thereby reading off the sample directly. 
Methods of Data Analysis
In line with the research objectives, appropriate statistical tools like tables and charts were employed. Standard deviation was used to ascertain significant variations of parameters within different sites of the Woji River.
Pearson's Coefficient (R) was used to represent the relationship between microbiological and physicochemical parameters of the river within different sites of the river. Probability was set at P = 0.5.
Statistical Procedure
The major technique was Pearson's Product Moment Correlation Statistical Technique. This was used to determine level of variation in the parameters between the different samples and WHO (2011) standards. Pearson's Product Moment correlation: FEPA standards. Figure 2 shows the physical parameters of the collected samples. The electrical conductivity of the samples ranged from 100 -180 μm cm -1. The average of the upstream sample (US) has the lowest value for electrical conductivity, the average of the fallout point samples (FP) where the abattoir waste meets with Woji River had the highest electrical conductivity of 180μm cm -1. Sixty meters downstream, the average electrical conductivity of the three samples was 150μm cm -1 . This clearly indicates that there is a build-up of electrical conductivity at the point the waste enters the river. These values are well above the limits of 3.0μm cm -1 recommended by FAO for water used for agriculture purposes such as irrigation.
RESULTS AND FINDINGS
The total dissolved solids (TDS) of the samples, on the other hand, were quite high when compared to WHO maximum permissible value of 500 mgL -1 . However, the values are within the permissible limit of FEPA which is
The temperature of the samples at UP (Upstream) and FP (Fallout point) sections were higher than WHO recommended standards but where within FEPA, values of 35-40 o c. High temperature causes thermal pollution and adversely affect aquatic life. One of the effects of rising temperatures is that it lowers the viscosity of water and so cause faster settling of solid particles; an increase in temperature also causes a decrease in the solubility of oxygen which is needed for oxidation of biodegradable wastes, at the same time the rate of oxidization is accelerated imposing a faster oxygen demand on the smaller supply and thereby depleting the oxygen content of the water further. Temperature also affects the lower organism in the aquatic food chain such as plankton and crustaceans, in general the higher the temperature the less desirable the types of algae in the water.
Results of the pH values of the samples ranged from 6.8 -8.8. Upstream average pH was 6.8, the fallout was 8.8
and downstream 6.8. These are quite within the acceptable limits of FEPA (2011). However, the pH of 8.8 recorded for sample FP (Fallout point) was above WHO, maximum allowable levels. This could lead to eutrophication or nutrient enrichment with its attendant disastrous consequences. For example, the addition of inorganic or organic matter into these materials tend to have the same kind of oxygen-consuming effect on rivers, which limit penetration of sunlight and a consequent reduction in the growth of planktons.
Evidence from Table 1 above shows that the values for the total suspended solids TSS are 1030 mgL -1 , 915 mgL -1 and 712mgL -1 for the US (Upstream), FP (Fallout Point) and DS (Downstream) locations of the stream respectively. From this result, it is clear that the TSS for all the samples exceeds the value recommended by FEPA which is 30mgL -1 . However, this unacceptable condition may not be attributed to the abattoir waste directly since the TSS for the upstream location when the waste has not come in contact with the stream far exceeds that at the FP (Fallout Point) and DS (Downstream) locations. The waste itself appears to have a dilution effect since the TSS at the meeting point between waste and stream is less than that at the upstream locations and even further decreases at the downstream location. In general, suspended lead may be considered a pollutant when it exceeds natural concentration and has a detrimental effect on water in its biological and aesthetic sense. The total suspended solids for the effluent from the abattoir violate the permissible limit by FEPA.
Turbidity is an expression of the optical property of water that scatters light. Higher turbidity levels recorded in this study can lead to a high level of deposition downstream and silt problems in the water where the waste is discharged, which could cause blockage of drain passages and flooding. If the water is used for irrigation the suspended matter could block the soil pour spaces leading to poor drainage and increased runoff resulting to flooding and possible erosion problem. High turbidity also adversely affects the aquatic penetration of sunlight into bodies of water. Sunlight is needed by sea weeds for photosynthetic activities. In addition, visibility of aquatic lives is impaired at high turbidity levels and decreased turbidity beyond a certain level is also bad because it promotes the growth of algae. 
Chemical Parameters of the Water Samples Analysed

Total Hardness
The hardening of water is usually as a result of the presence of certain minerals and salts like calcium salts (CaCO3) and magnesium salts (MgCO3).
From the result of the study, it was observed that the total hardness of the samples collected was highest (41 mgL -1 ) for the fallout point, the least (21 mgL -1 ) for the upstream and (32 mgL -1 ) for the downstream sample.
Total Alkalinity
The normal pH for drinking water ranges from 7-8, thus alkaline level for safe drinking water should normally not exceed 8. There is no FEPA and WHO allowable limit for this chemical parameter. 
Hardness
The samples from fallout point are highest (16.1 mgL -1 ), next to downstream (12.8 mgL -1 ) and upstream is the least (8.4 mgL -1 ). But all of them are below the FEPA and WHO standards of 200 mgL -1 and 500 mgL -1 respectively.
Iron
The result of the research shows that all the samples fall within the acceptable limits of FEPA but they all exceed the acceptable limits for WHO (2011). Thus, the Iron content of the samples is acceptable within the Nigerian Standard.
Nitrate
Table 2 above shows that the Nitrate samples from fallout point is highest (9.68 mgL -1 ), next is downstream (8.8 mgL -1 ) and upstream is the least (6.6 mgL -1 );but all of them are below the FEPA and WHO standards of 10 mgL -1 and 10 mgL -1 respectively.
Sulphate
The result of the research shows that all the samples are much below the acceptable limits of FEPA and WHO standards of (500 mgL -1 ) and (250 mgL -1 ) respectively.
Phosphate
From the result of the research, the Phosphate samples from Upstream (US) and Fallout Point (FP) are below the acceptable limits of FEPA but samples from Downstream (DS) are above the limits of FEPA. It is important to state that there is no known limit of Phosphate content for WHO.
Calcium
The analysis of the collected samples shows that the Calcium samples from fallout point (86.56 mgL -1 ) and downstream (55.12 mgL -1 ) are below the acceptable limits of FEPA and WHO standards of (200 mgL -1 ) and (100 mgL -1 ) respectively while samples from upstream (233.36 mgL -1 ) are above the WHO acceptable limits and slightly above that of FEPA.
The increased level of Calcium in the upstream sample as shown in Figure 3 above, suggests that the River Upstream may be contaminated by substances from another source. As the River flows to the Fallout Point, reactions take place that reduce the Calcium content resulting in the observed reduction in Calcium content of the Fallout point sample and Downstream samples.
Magnesium
Evidence from Table 2 shows that all the Samples have Magnesium content above FEPA (200 mgL -1 ) and WHO (30 mgL -1 ) acceptable limits. With Upstream sample having the highest value, this suggests that there may be contamination of the Upstream from another source that is increasing the Magnesium content of the upstream sample.
Further evidence from the research as shown by the result of the analysis in Table 2 clearly reveals that the values for most of the chemical parameters were relatively low when compared with the tolerance limits allowed by both FEPA and WHO. The iron contents were higher than the WHO, 2004 recommended level of 0.30mgL -1 . The magnesium contents at the three locations all exceeded the recommended limits by both FEPA and WHO. Nickel content at the point where the abattoir waste enters the stream is higher than the recommended limit by WHO (2011).
In the case of sulphates, effluents are allowed by FEPA to be used for irrigation purposes if the sulphate content is equal to 500mgL -1 . The result satisfies the criterion for use of the effluent from the abattoir as irrigation water. Furthermore, sulphur is quite important to plants as it helps in the formation of certain proteins in the protoplasm and it is always found in the sulphates.
Reactive phosphates in the effluent has values that range between 0.83 mgL -1 and 2.4mgL -1 . The values are within the maximum allowable levels by FEPA which is 5mgL -1 , However, they do not satisfy the desirable level of 0.5mgL -1 for drinking water as recommended by WHO. The effluent from the abattoir does not satisfy any of the above standards.
Total iron from the effluent is between 0.52 mgL -1 and 0.91mgL -1 , which is above the WHO 0.30 mgL -1 acceptable limit. The implication therefore is that if the abattoir discharges its waste water into other bodies of water used for drinking purposes downstream, it could be contaminated and hence hazardous to human health. The presence of excess iron in water also impacts taste and colour of rivers.
Copper concentration at the discharge point was found to be between 0.0 and 0.014mgL -1 , which is within the limit specified by FEPA (1.5mgL -1 ). Copper, in excess, could lead to a bitter taste of water and is toxic to fish. It also promotes the corrosion of galvanized iron and steel fittings.
Nitrate level of the effluent ranges between 6.60 mgL -1 and 9.68mgL -1 which is within the acceptable levels of FEPA (10mgL -1 ) and WHO (10mgL -1 ). The value of 9.68mgL -1 was recorded at the point where the abattoir waste discharges into the river. A value of Nitrate above 0.001mgL -1 is of sanitary significance and any value above 10mgL -1 is hazardous in drinking water particularly for infants.
Biological Parameters
This section deals on the presentation of the biological parameters of the samples collected from the study area (Woji River). The biological parameters include the quality of the living things in the River i.e. Fish, planktons etc.
In this study, bacterial count and fungal count were investigated Table 3 . An isolated plate count is rarely of value from raw surface waters, even series of plate counts is of little value, because of the wide variation which occur, due to change in climate conditions for instance. The organism most commonly employed as indicators of pollution are Escherichia coli and coliform group which are of faecal origin.
The coliform content of Fallout Point sample (17) and downstream sample (10.5) are above the WHO acceptable limits. This is an indication of high levels of faecal contamination.
Hypotheses Testing
To test hypothesis 1, the average of the three-sample parameter at Woji River and permissible WHO (2011) water quality standards was gotten. To test hypothesis 2, the average of the three samples collected upstream and the average of the three samples collected downstream was also gotten. Pearson Product Moment Correlation
Statistical Techniques was used to test the two hypotheses. Equation 2 is the Pearson's product moment correlation statistical formula for hypothesis 1.
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Hypothesis 1: There is no significant relationship between Trans-Amadi abattoir waste and the deteriorating water quality of Woji River.
Hypothesis 2:
There is no significant difference between upstream water quality and downstream water quality of Woji River. Degree of freedom = n-1 = 12-1 = 11
Degree of freedom for 11 in a two-tail test at 0.05 = 2.23
Since the t calculated value of 4.22 is greater than the critical table value of 2.23 @ 0.50 confidence level, we accept the alternate hypothesis and reject the null hypothesis which holds that there is no significant relationship between the Trans-Amadi abattoir waste and the deteriorated water quality of Woji River. Therefore, it can be concluded that there is significant relationship between the Trans-Amadi abattoir waste and the deteriorated water quality of Woji River, Port Harcourt. Degree of freedom for 11 in a two-tail test at 0.05 = 2.23
Since the t calculated value of 6.53 is greater than the critical table value of 2.23 @ 0.50 confidence level, we therefore reject the null hypothesis and accept the alternate hypothesis. Hence it can be concluded that there is significant difference between upstream water quality and downstream water quality of Woji River, Port Harcourt.
Implications for Sustainable Urban Environmental Management
The implications of the above results are enormous. There is a high degree of pollution to the adjoining Woji River. The pollution of the River by waste from this urban abattoir has distorted the physicochemical composition of the River and the biological characteristics of the river. There is also the serious issue on the appearance of the area and health concern for urban inhabitants of the area, those carrying out activities in the river and even downstream.
Interestingly, there is no doubt that, the pollutants generated by the abattoir effluent negatively affects both the water quality and the entire urban environment, both the fauna and flora of the ecosystem. This is expected to affect the health of most urban dwellers who directly and indirectly depend on the fish and other aquatic organisms from the polluted river for their livelihood and source of protein. Aina and Adedipe (1991) clearly asserted in their study that the pollution of water resources often results in the destruction of primary producers, which in turn leads to an immediate diminishing impact on fish yields, with the resultant consequence of decrease in diet. This is also consistent with the study of Chindah et al. (2004) which insist that in urban areas, the careless disposal of municipal abattoir waste, industrial effluents and other wastes contributes greatly to the poor quality of the water. Asuquo (2009) further affirms that Pollution of freshwater bodies (rivers, lakes, pond and streams) by nutrients is mostly experienced as a result of industrial discharge, municipal abattoir discharge, domestic sewage disposals, surface runoff from agricultural kinds, underground water and salt-water intrusion and inundation. The odour from the animal wastes, flies nuisance in the environment and hazardous effluents from the abattoir should be of great concern to urban environmental managers.
It is expected that the urban environment and cities must be sustainable to meet the needs and aspirations of future generations. For a sustainable urban environmental management, there must be paramount concern for the environmental impact of city-based production and consumption on the needs of all urban dwellers, and not just those within their jurisdiction. Accordingly, Goode (1990) maintained that the city environment in most developing countries is directly affected by pollution and development of the natural habitats. This is consistent with the work of Heyford (2017) which clearly confirms that city planners are now sensitive to environmental concerns especially the pollution of water bodies through anthropogenic sources. However, in the developing countries, the sensitivity to environmental concerns does not always mean that effective policies are formulated or that, even if formulated, they are adequately implemented.
Thus, minimizing waste generation from abattoirs and other sources in the cities, and optimizing the use of energy and other resources are important components of any strategy to make a city environment sustainable (Lukas, 2016) . As part of sustainable urban environmental management, it is incumbent on the environmental managers to understand the finite nature of many natural resources and the capacities of the ecosystems in the wider national and international context to absorb or break down waste.
The result of this research has shown growing evidence that many current urban trends in the use of resources Consequently, urban environmental managers in the city of Port Harcourt, Nigeria needs to factor in, the needs and survival of future city dwellers in the planning and management of the urban environment. This task becomes
